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R988and stimulation of sonic muscles by
electrodes. Thereby, they could show
that only the cranial sac of the
swimbladder is important for sound
production. The caudal sac of the
swimbladder is apparently not
involved. Additionally, they found
a direct correlation of the swimbladder
vibration frequency with the sonic
muscle contraction rate, meaning that
the sound ceased as soon as muscle
stimulation stopped.
Taken together, this exciting study
by Mallot et al. [4] combined different
new methods to analyze acoustic
communication of piranhas at multiple
levels. Importantly, they were able to
correlate sound patterns with specific
behaviours. Notably, these observed
behaviours in the laboratory were only
of aggressive nature, feeding the
stereotypic view of the voracious
piranha. Studies in the wild will have to
follow to elucidate if there is a larger
repertoire of sounds produced by
gentle piranhas during mating
behaviour. Hence, we are eagerly
waiting for an update on the romantic
vein of this teleost fish, not observablein captivity. Meanwhile, we should
keep in mind we are smart to act
on the sound advice of barking
piranhas not to pick them up. All three
dauntless scientists of this study ended
up in hospital to get stitched after
a piranha bite.
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Budding Regulated by a
Phosphatidylethanolamine TranslocaseRecent work on a Caenorhabditis elegans transmembrane ATPase reveals
a central role for the aminophospholipid phosphatidylethanolamine in the
production of a class of extracellular vesicles.Simon Tuck
One important way in which cells
interact with their environment is via
extracellular vesicles: 40–1,000 nm
in size, these subcellular parcels can
contain proteins, lipids, mRNAs or
microRNAs and can transfer their
contents to other cells. Extracellular
vesicles have a wide variety of
functions: they modulate immune
responses, induce blood clotting,
influence developmental decisions
or induce the metastasis of tumor
cells [1]. Ectosomes (also called
microparticles or microvesicles),
which comprise one of the two major
classes of extracellular vesicles, form
by budding directly from the plasmamembrane. Despite the ubiquity of
ectosomes, however, the molecules
governing their formation are largely
unknown. A paper in a recent issue of
Current Biology by Wehman et al. [2]
provides important new mechanistic
insights into this process. These results
provide strong support for a model
in which changes in the distribution
of a particular phospholipid —
phosphatidylethanolamine — play
a leading role.
The model arises from experiments
with the nematode Caenorhabditis
elegans and, in particular, a genetic
screen for genes required for
embryogenesis. Cells in embryos
lacking the activity of TAT-5, a type IV
P-type ATPase, were found to beseparated by a thick layer of tubules
and vesicles bearing all the hallmarks
of ectosomes. In particular, careful
analysis of these structures by
electron tomography showed that,
while most were fully separated
from the plasma membrane (and thus
were genuine vesicles rather than villi),
some were still attached: they
had been captured in the act of
budding. This mode of formation
indicates that the vesicles are
ectosomes and not exosomes (which
arise from the fusion of cytoplasmic
multivesicular bodies with the plasma
membrane).
Type IV P-type ATPases are
a family of transmembrane
proteins, some of which are able to
translocate the aminophospholipids
phosphatidylserine or
phosphatidylethanolamine between
the two leaflets of biological
membranes [3,4]. First shown by
experiments with erythrocytes [5], the
leaflets making up the bilayers of
plasmamembranes of living eukaryotic
cells are asymmetric with respect to
their aminophospholipid contents:
whereas the outer (exofacial) leaflet is
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Figure 1. Aminophospholipid translocases and scramblases regulate the asymmetry in the
distribution of phosphatidylserine and phosphatidylethanolamine in the outer and inner
leaflets of cell membranes.
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Figure 2. A model for ectosome formation in
C. elegans.
In tat-5 mutants, the asymmetric distribution
of phosphatidylethanolamine seen in wild-
type worms is disrupted. Reduced amounts
of phosphatidylethanolamine in the cytosolic
leaflet allow binding of ESCRT complex(es),
which promote outward bending of the
membrane and the formation of ectosomes.
Dispatch
R989relatively rich in phosphatidylcholine
in comparison to the inner, it has only
small amounts of phosphatidylserine
and phosphatidylethanolamine, which
are present at substantially higher
concentrations within the inner
(cytosolic) leaflet (Figure 1). These
asymmetries are maintained by
aminophospholipid translocases, also
called ‘flippases’, which counteract the
action of ‘scramblases’, which catalyze
the movement of aminophospholipids
between both leaflets in both directions
[6,7]. Yeast cells lacking one or more
type IV P-type ATPases often show
defects in intracellular vesicle transport
[6–8], but this family of ATPases has
not previously been implicated in
ectosome formation.
Consistent with the possibility that
TAT-5 also acts as a phospholipid
translocase, the distribution of
phosphatidylethanolamine was
aberrant in tat-5 mutant embryos.
Interestingly, the distribution
of phosphatidylserine was not
changed. What’s more, mutations
in a different type IV P-type ATPase,
TAT-1, which cause accumulation
of phosphatidylserine in the outer
leaflet [9] and the accumulation of
multivesicular bodies within cells
[10,11], did not result in ectosome
formation. Thus, ectosome formation
in the C. elegans embryo is associated
with an increase in the concentration
of phosphatidylethanolamine but not
phosphatidylserine in the exofacial
leaflet.Which proteins promote ectosome
formation?Wehman et al. [2] have used
the tat-5 model, in which ectosomes
are generated constitutively, to
address this question. They find that
several proteins with functions in
specific parts of the endosome
transport pathway are required for
efficient ectosome formation. One of
these, RAB-11, regulates endosomal
recycling, while others, HGRS-1 and
VPS-28, are components of two
different endosomal sorting complexes
required for transport (ESCRT),
ESCRT-0 and ESCRT-I [12].
Interestingly, these same proteins
and complexes are known to promote
the release of enveloped retroviruses,
such as HIV, from cells [13], strongly
suggesting that the formation of
ectosomes, and the shedding of
viruses may be governed by similar
mechanisms. The ESCRT complexes
are best known for their ability to
promote the formation ofmultivesicular
bodies within cells by promoting
bending towards the exofacial leaflet
of intracellular membrane-bound
organelles [14]. Since multivesicular
bodies give rise to exosomes, the
involvement of the ESCRT complexes
in ectosome formation implies that
some of the proteins required for the
generation of these two types of
extracellular vesicle are shared.
Howdothechanges in thedistribution
of phosphatidylethanolamine together
with these endosomal proteins
promote ectosome formation?Changes in the distribution of
aminophospholipids have been
proposed to promote the bending of
membranes either directly or indirectly
[15]. The phosphoserine headgroup
of phosphatidylserine is broader than
the fatty acyl tail, and it has been
argued that, when phosphatidylserine
accumulates in the cytoplasmic leaflet,
phosphatidylserine’s conical shape
promotes bending towards the
cytoplasm. By analogy, it is possible
that phosphatidylethanolamine’s
shape, and its ability to form
microdomains, causes it to induce
outward bending when it accumulates
in the outer leaflet. Alternatively,
Wehman et al. [2] suggest that, since
phosphatidylethanolamine has
a net charge of zero whereas
phosphatidylserine is anionic,
reducing the concentration of
phosphatidylethanolamine in the inner
leaflet would promote the binding of
proteins that can bind to anionic lipids
to the inner leaflet (Figure 2).
Mammalian Hrs, a component of
ESCRT-0, binds anionic lipids [14].
One vital function of ectosomes in
mammals is to promote blood clotting.
Activated platelets produce ectosomes
(microparticles) that, by virtue of
aminophospholipids displayed on their
surfaces, can induce coagulation [16].
Clotting is defective in human patients
with Scott syndrome; their platelets fail
to display phosphatidylethanolamine
and phosphatidylserine on their
surfaces, and fail to produce
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Scott syndrome patients have been
shown to be homozygous formutations
in TMEM16F [18,19], a putative
phospholipid scramblase that can
complement a phospholipid
distribution defect in a cultured mouse
cell line [18]. It is worth noting, however,
that both phosphatidylserine and
phosphatidylethanolamine are
displayed on the surfaces of activated
platelets from normal people, and that
phosphatidylserine rather than
phosphatidylethanolamine is most
potent in inducing coagulation [17].
Perhaps phosphatidylserine and
phosphatidylethanolamine have
separate functions in platelets:
phosphatidylethanolamine induces
ectosome formation, thereby vastly
increasing surface area, while
phosphatidylserine activates the
enzymes responsible for coagulation.
Certainly, the ability to generate
ectosomes appears to be important
for platelet activity independent of
phosphatidylserine exposure because,
in patients with a different inherited
bleeding disorder, platelets expose
phosphatidylserine normally upon
activation but fail to produce
ectosomes [20].
The importance of
phosphatidylethanolamine for
ectosome formation and blood clotting
in mammals might be tested by
removing the activity of the TAT-5
homologues ATP9A/B from platelets in
a mouse model. Similarly, it would veryinteresting to examine the effect of
changing phosphatidylethanolamine
distribution on the budding of HIV and
other enveloped viruses. Clearly, more
work is needed before we can say that
we fully understand ectosome
formation. This elegant study by
Wehman et al. [2], however, represents
a major step forward.References
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Detection CircuitThe Reichardt detector model for fly motion vision has been around for more
than 50 years, but a cellular implementation of the model has not yet been
discovered. Detailed reconstruction of serial electron-microscopy sections has
now revealed a circuit that might well provide the cellular basis for directional
selectivity in motion vision.Alexander Borst
For a problem to become really famous,
it needs to be important, interesting,
and unsolved for a long time. This is
what happened, for example, in
mathematics, when Pierre de Fermat
formulated his innocent-lookingtheorem stating that for n larger than 2,
no integer solutions for x, y, and z
can be found to hold the relationship
xn + yn = zn. Almost 350 years had to
pass before Andrew Wiles published
the proof of the theorem, a story which
even found its way into popular science
books. In neuroscience, a problem wasformulated about 50 years ago that was
again innocent at first sight, but which
has proved to be hard to crack. This
problem deals with direction selectivity
in motion vision — the capability of
nerve cells to respond differently when
a visual object moves in one or in the
opposite direction. At an algorithmic
level, this problem was readily solved
‘in principle’, but which neurons
do the required computations,
and precisely how they do so, has
been a longstanding problem in
neuroscience. A study [1] reported in
this issue of Current Biologymight
change that, providing a circuit diagram
the connectivity ofwhich could serve as
a substrate for the computation of
direction selectivity.
